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® Article detection device and method for detecting the article. 
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® An article detection device includes: a light 
emission unit (1) for emitting a detection light (DL) 
for irradiation onto an article; a light reception unit (2) 
for receiving a light (RL) reflected from the article; an 
analog-to-digital converter (3) for converting the re- 
flected light to a digital signal; a first register (4a) for 
storing the digital signal after being sampled using a 
first sampling signal having a first period; a second 
register (4b) for storing the digital signal after being 
sampled using a second sampling signal having a 
second period shorter than the first period; and a 


control unit (5) for generating the first and second 
sampling signals to be sent to the first and second 
registers, reading the digital signal stored in the first 
and second registers, calculating a difference be- 
tween the digital signals in the first register and 
second register, comparing an absolute value of the 
difference with a predetermined threshold value, and 
detecting the article when the absolute value is larg- 
r than the threshold value. 
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ARTICLE DETECTION DEVICE AND METHOD FOR DETECTING THE ARTICLE 


BACKGROUND OF THE INVENTION 


1. Field of the Invention 

The present invention relates to an article de- 
tection device and a method for detecting the arti- 
cle, more particularly, it relates to an article detec- 
tion device used with a bar code reader. 


2. Description of the Related Art 

Recently, bar code readers are widely utilized 
for management of goods in a POS (Point Of 
Sales) system. In general, there are two types of 
bar code readers, i.e., an installed type and a 
handheld type. The former is large and installed in 
a counter of large store. This type has a plurality of 
scanning beams (laser beams) to be irradiated onto 
a bar code symbol so that it is possible to provide 
highly precise detection of the bar code symbol 
regardless of a direction of entry of the article into 
an scanning area of the laser beam. Further, in 
general, this type has an article detection device 
for detecting thft sntry of the article into the scan- 
ning area of the laser beam before the laser beam 
is turned on. Since the laser beam is turned on 
after detection of the article, it is possible to extend 
the life of a laser beam source. 

In general use, the operator of a bar code 
reader sits behind the article. However, the light 
reflected from the operator should not be detected 
as an article by the article detection device. Fur- 
ther, random external light (ambient light), for ex- 
ample, fluorescent lamps and sunlight, exists ar- 
ound the article, and the light reflected from the 
operator and the ambient light have an undesirable 
influence on the detection of the bar code symbol. 

Accordingly, it is necessary to eliminate the 
influence of this reflected light to increase the 
precision of the detection of the bar code symbol. 


SUMMARY OF THE INVENTION 

The object of the present invention is to pro- 
vide an article detection device and a method for 
detecting the article enabling highly precise article 
detection regardless of the influence of ambient 
light reflected from various sources. 

In accordance with the present inv ntion, there 
is provided an article detection device including: a 
light emission unit for emitting a detection light 
onto an article; a light reception unit for receiving 


light reflected from the articl ; an analog-to-digital 
converter for converting the reflected light to a 
digital signal; a first register for storing the digital 
signal after being sampled using a first sampling 
5 signal having a first period; a second register for 
storing the digital signal after being sampled using 
a second sampling signal having a second period 
shorter than the first period; and a control unit for 
generating the first and second sampling signals to 
to be sent to the first and second registers, reading 
the digital signal stored in the first and second 
registers, calculating a difference between the digi- 
tal signals in the first register and second register, 
comparing an absolute value of the difference with 
75 a predetermined threshold value, and detecting the 
article when the absolute value is larger than a 
threshold value. 

In one embodiment, the article detection device 
further comprises: an alternating amplifier (AC-am- 
20 plifier) connected to the light a reception unit for 
amplifying the reflected light; a sample/hold unit 
connected between the AC-amplifier and the A/D 
converter for sampling and holding an alternating 
signal amplified by the AC-amplifier; and a modula- 
25 tion unit for generating a pulse modulation signal to 
be sent to a drive unit which pulse-drives the light 
emission unit; wherein the control unit further gen- 
erates control signals to be sent to the modulation 
unit, the sample/hold unit, and the A/D converter to 
30 control the operation of these units. 

In another embodiment, the control unit com- 
prises a storage unit for storing a number of sam- 
pling times and storing a threshold value com- 
prised of a first and second threshold values. 
35 In still another embodiment, the sample/hold 
unit comprises a maximum sample/hold circuit for 
sampling and holding a maximum value of the 
alternating signal, a minimum sample/hold circuit 
for sampling and holding a minimum value of the 
40 alternating signal, and a differential amplifier for 
amplifying a difference between the outputs of the 
maximum sample/hold circuit and the minimum 
sample/hold circuit. 

In still another embodiment, the sample/hold 
45 unit further comprises a first delay unit for delaying 
a first sampling signal, and a second delay unit for 
delaying a second sampling signal, the first sam- 
pling signal is input to the maximum sample/hold 
circuit, and the second sampling signal is input to 
so the minimum sample/hold circuit. 

In still another embodiment, an article detection 
device further comprises: a difference calculation 
unit having a differential amplifier for calculating a 
differ nee between a background reflected light 
and a lower limitation level, the background re- 
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fl cted light being detected from the background of 
the article, and the lower limitation level being 
adjust d in accordance with the intensity of the 
background reflected light in an adjusting mod ; 
and detection means for detecting a change in 
amount of light based on the resultant data of the 
above calculation to eliminate the influence of the 
ambient light. 

In still another embodiment, the intensity of the 
background reflected light is determined by a refer- 
ence reflection face having a predetermined reflec- 
tion rate. 

In still another embodiment, the article detec- 
tion device comprises a sample/hold circuit for 
sampling and holding the output of the differential 
amplifier, an adjusting circuit for adjusting the lower 
limitation level, a first A/D converter for converting 
. the output of the differential amplifier to a digitai 
value, a second A/D converter for converting the 
output of the sample/hold circuit to a digital value, 
and a third A/D converter for converting the output 
of the adjusting circuit to a digital value. 

In still another embodiment the article detec- 
tion device further comprises an adjusting unit for 
adjusting the gain of an amplifier connected to the 
light reception element, and a reference voltage 
generation unit for generating first and second ref- 
erence voltages to be supplied to the amplifier, 
wherein the adjustment of the gain of the amplifier 
is performed in such a way that when an ambient 
light does not exceed a predetermined threshold 
level, the first reference voltage is selected and the 
gain is adjusted to a high level and when the 
ambient light does exceed a predetermined thresh- 
old level, the second reference voltage is selected 
and the gain is adjusted to a low level. 

In still another embodiment, the adjusting unit 
comprises a plurality of analog switches, a first 
analog switch being used for switching the gain 
between the high level and the low level, a second 
analog switch is used for switching between detec- 
tion of ambient light and the light reflected from an 
article, and a third analog switch is used for switch- 
ing the reference voltage between the first and the 
second reference voltages. The switching of these 
analog switches is performed by selection signals 
generated by the control unit. 

In still another embodiment, the control unit 
comprises a microprocessor. 

As another aspect of the present invention, a 
method for detecting an article comprises the steps 
of: emitting a detection light to be irradiated onto 
an article; r ceiving light reflect d from the article; 
converting the light reflected to a digital signal; 
storing the digital signal in a first register after 
being sampled using a first sampling signal gen- 
rated by the control unit and having a first period; 
and storing th digital signal in a second register 


after being sampled using a second sampling sig- 
nal generated by the control unit and having a 
second period shorter than th first period. In the 
control unit, th steps of: reading th digital signal 

5 stored in the first and second registers; calculating 
a difference between the digitai signals in the first 
register and second register; comparing an ab- 
solute value of the difference with a predetermined 
threshold value; and detecting the article when the 

10 absolute value is larger than the threshold value, 
are carried out 

In another embodiment, the detecting step fur- 
ther comprises the step of: defining first and sec- 
ond threshold values included in the threshold val- 

75 ue, detecting an article when the absolute value is 
larger than the first threshold value, and not detect- 
ing an article when the absolute value is larger than 
the second threshold value. 

in still another embodiment, the detecting step 

20 further comprises the steps of: checking whether or 
not the number of sampling times reaches a pre- 
determined number of sampling times when the 
absolute value is smaller than the first threshold 
value, and returning to previous sampling steps. 

25 In still another embodiment, the detecting step 
further comprises the steps of: checking whether or 
not the number of sampling times reaches a pre- 
determined number of sampling times when the 
absolute value is larger than the second threshold 

30 value, returning to a previous sampling step of the 
second sampling signal when the number of sam- 
pling times does not reach a predetermined num- 
ber of times, and not detecting the article when the 
absolute value is smaller than the second threshold 

35 value or when the number of sampling times 
reaches a predetermined number of times. 

In still another embodiment, a method for de- 
tecting an article further comprises the steps of: 
setting a first and second reference voltage, detect- 

40 ing ambient light before detecting the article; com- 
paring the ambient light with a predetermined 
threshold value; and adjusting the gain of an am- 
plifier in accordance with the ambient light so as to 
switch between first and second reference vol- 

45 tages. 

In still another embodiment, a method for de- 
tecting an article further comprises the steps of: 
calculating a difference between a background re- 
flected light and a lower limitation level in an ad- 
50 justing mode; and detecting a change in amount of 
light based on resultant data of the above calcula- 
tion to eliminate the influence of the ambient light 


55 BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: 

Fig. 1A is a view for explaining an article detec- 


4 


5 


EP 0 424 097 A1 


6 


tion area and a bar cod read area of a bar 
code reader; 

Rg. 1B is a basic circuit of an article det ction 
unit shown in Fig. 1A; 

Rg. 1C is a view for explaining an article detec- 
tion signal from a comparator shown in Rg. 1B; 
Rg. 2A is a basic block diagram of an article 
detection device according to a first embodi- 
ment of the present invention; 
Rg. 2B is a signal timing chart of the article 
detection device shown in Rg. 2A; 
Rg. 3 is a detailed block diagram of the article 
detection device shown in Fig. 2A; 
Fig. 4 is a flowchart for explaining processing of 
signals in the circuit shown in Rg. 3; 
Rgs. 5A to 5F are signal timing charts according 
to the present invention; 

Fig. 6A is a basic block diagram of an article 
detection unit according to a second embodi- 
ment of the present invention; 
Fig. 6B is a view for explaining the principle of 
the second embodiment; 
Fig. 7 is a detailed block diagram of the second 
embodiment shown in Rg. 6A; 
Rg. 8 is waveforms of each block shown in Rg. 
7; 

Rg. 9 is a detailed block diagram of a third 
embodiment of the present invention; 
Rg. 10 is a flowchart for explaining a processing 
of signals in the circuit shown in Rg. 9; 
Fig. 11 is a flowchart for explaining the process- 
ing of ambient light shown in Fig. 10; and 
Fig. 12 shows the timing of selection signals of 
the circuit shown in Rg. 9. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Before describing the preferred embodiment, 
an explanation will be given of the conventional art. 

Figure 1A is a view for explaining an article 
detection area and a bar code read area of a bar 
code reader. As shown in the drawing, the bar 
code reader is basically constituted by an article 
detection unit and a bar code read unit. An article 
detection light is emitted from the article detection 
unit in the range of the article detection area 
(slanted area) to detect an article. The laser beam 
is emitted from the bar code read unit to read the 
bar code symbol of the article. The article detec- 
tion area RA overlaps with the bar code read area 
SA to realize precise detection of the article. When 
th article detection unit det cts an article in the 
article detection area RA, the laser beam source is 
turned on and the laser beam is emitted onto the 
bar code symbol. 

Figure 1B is a basic circuit of the article detec- 


tion unit shown in Rg. 1A. The detection light DL is 
emitted from the light emission element 1 , and the 
light reflected from the articl RL is received by the 
light reception element 2 and amplified by the 
5 amplifier 6a. In the comparator 6b, the amplified 
signal is compared with the threshold level Vth and 
the article detection signal DS is output when the 
amplified signal is larger than the threshold level 
Vth. 

w Figure 1C is a view for explaining an article 
detection signal DS from the comparator 6b. As 
shown in the drawing, when the reflected light level 
RL exceeds the threshold level Vth, the article 
detection signal DS is emitted from the comparator 

15 6b. That is, although various detection lights are 
reflected from the article and the background, the 
light level reflected from the article itself is larger 
than the threshold level Vth. 

In this case, the reflection light level RL fluc- 

20 tuates in accordance with a color in the back- 
ground. For example, when the operator wears 
white, the reflected light level RL becomes large. 
Accordingly, when the reflected light from the 
background accidentally exceeds the threshold lev- 

25 el Vth as shown by dotted line RL\ the undesired 
reflected light RL' is detected as the article detec- 
tion signal. 

Figure 2A is a basic block diagram of an article 
detection device according to a first embodiment of 

,i x i .a:-- l~ L~Z'.~ OA +K/s Pi^n i-^fac. 

ence numbers as used in Rg. 1A are attached to 
the same components in this drawing. Reference 
number 3 denotes an analog-to-digital converter, 4a 
and 4b registers, and 5a control unit. Further, M1 

35 denotes a first sampling signal, and M2 denotes a 
second sampling signal. The signal Sd from the 
A/D converter is input in parallel to the first register 
4a and the second register 4b. 

The first register 4a stores the signal Sd after 

40 being sampled using the sampling signal M1 hav- 
ing a first period T1 , and the second register 5b 
stores the signal Sd after being sampled using the 
sampling signal M2 having a second period T2. 
The period of the sampling signal M2 is shorter 

45 than that of the sampling signal M1. The control 
unit 5 generates the first and second sampling 
signals M1 and M2 which are applied to the first 
and second registers 4a and 4b. Further, the con- 
trol unit 5 calculates the difference between the 

so data stored in the first and second registers 4a and 
4b, compares the absolute value of that difference 
with the threshold value, and detects the article 
when the absolute value exceeds the threshold 
value. 

55 Figure 2B is a signal timing chart of the device 
shown in Rg. 2A. As shown in the drawing, the 
period T2 of the sampling signal M2 is consider- 
ably shorter than that of the sampling signal M1 . 
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For xample, the period T1 may be set to 5 sec, 
and the period T2 set to 2 msec. The light re- 
fl cted from th background is detected during the 
period T1 of the sampling signal Ml, and the light 
reflected from the article is detected during the 
period T2 of the sampling signal M2. Accordingly, 
as explained in detail hereinafter, the article is 
detected when the absolute value of the difference 
between the reflection level of the background and 
that of the article exceeds the predetermined 
threshold value. 

Figure 3 is a detailed block diagram of the 
article detection device shown in Fig. 2A. Refer- 
ence number 7 denotes a modulation unit, 8 a 
drive unit, 9 an alternating (AC) amplifier, and 10 a 
sample/hold unit Further, CTLa to CTLc denote 
control signals generated from the control unit 5 to 
control the operation of these units 3, 7, and 10, C1 
and C2 denote the number of sampling times, Vth1 
denotes a threshold level when an article is 
present, and Vth2 denotes a threshold level when 
an article is not present These values of C1, C2 
and Vth1 , Vth2 are store in a storage means of the 
control unit 5. 

The modulation unit 7 generates a pulse modu- 
lation signal Sm to the drive unit 8 in response to 
the control signal CTLa. The drive unit 8 drives the 
light emission element 1 in response to the pulse 
modulation signal Sm so that a pulsed detection 
light DL is emitted from the element 1. 

The reflection light RL from the article is re- 
ceived by the light reception element 2 and alter- 
natively amplified by the AC-amplifier 9. The am- 
plified signal Sa is input to the sample/hold unit 10 
for sampling and holding the amplified signal. The 
control unit 5 is constituted by, for example, a 
microprocessor (CPU). 

Since the detection light DL is emitted in 
pulses, it is possible to extend the life of the 
element 1 , and to reduce power consumption. 

Figure 4 is a flowchart for explaining the pro- 
cessing of signals in the circuit shown in Rg. 3. 
<D First, the CPU initializes each unit. 
® Next, the CPU resets the number of times 
C1 of the sampling signal M1 to "0". Further, 
the digital signal Sd is input to the first register 
4a in response to the sampling period of the 
sampling signal Ml. 

© The CPU sends the sampling signal M2 to 
the second register 4b. The digital signal Sd is 
input to the second register 4b in response to 
the period of the sampling signal M2. 
Next, the CPU reads the sampling data D1 
using the sampling signal M1 from the first register 
4a and th sampling data D2 using the sampling 
signal M2 from the second register 4b. Further, the 
CPU calculates the difference between the sam- 
pling data D1 and the sampling data D2 (i.e., D1 - 


D2), obtains the absolute value |D1 -D2| of the 
difference, and compares the absolute valu |D1 - 
D2| with the threshold valu Vth1. 

@ In step , when the absolut valu |D1 - D2| is 

5 not larger than the threshold value Vth1 ("NO"), 
the CPU judges that an article is not detected, 
and updates the number of times C1 of the 
sampling to C1 +1. The CPU then checks 
whether or not the number of times C1 has 

10 reached the predetermined number of times X1 . 
When the number of times C1 reaches X1, i.e., 
C1 = X1 ("YES"), the process returns to the 
step ® to start from C1 = 0. If the number of 
times C1 has not reached X1, i.e., C1 * X1 

rs ("NO"), the process returns to the step ® to 
read the data D1. 

© In step , when the absolute value |D1 - D2| is 
larger than the threshold value Vth1 ("YES"), the 
CPU judges that an article is present, and per- 
20 forms the processing for the case In which are 
article is present. That is, the CPU starts the bar 
code read unit to irradiate the laser beam onto 
the bar code. 

® The CPU then again reads the data D2 in the 
25 period T2 from the register 4b to ensure precise 
detection of the article. That is, the CPU again 
calculates the difference between the sampling 
data D1 and the sampling data D2 (i.e., D1 - 
D2), obtains the absolute value |D1 - D2| ( and 
so compares the absolute value |D1 - D2| with the 
threshold value Vth2. 

® In step 6 , when the absolute value |D1 - D2| 
is not smaller than the threshold value Vth2 
("NO"), the CPU judges that an article may be 

35 present in the detection area, and updates the 
number of times C2 of the sampling to C2 +1. 
The CPU then checks whether or not the num- 
ber of times C2 has reached the predetermined 
number of times X2. If the number of times C2 

40 has not reached X2, i.e., C2 * X2 ("NO"), the 
process returns to the step © to repeat from 
the step ® . When the number of times C2 
reaches X2, i.e., C2 = X2 ("YES"), the process 
proceeds to the step®. In this case, the CPU 

45 judges that the article is present, but it has not 
moved into detection area. 
® In step ®, when the absolute value |D1 - D2| 
is smaller than the threshold value Vth2 
("YES"), and when the article is present, but it 

50 has not moved into the detection area, the CPU 
performs the processing for the case in which 
no article is present in the detection area. That 
is, the CPU resets the number of times C2 of 
the sampling to "0", and the process returns to 

55 the step ®. 

Figures 5A to 5F are signal timing charts of the 
present invention. In Fig. 5A, the ordinate denotes 
the intensity of light reflected from the background 
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or an article. The article detection unit detects the 
reflected light RL1 of the background changing 
from intensity "2" to intensity "4", and also detects 
the reflected light RL2 of the article changing from 
intensity "0" to intensity "4". In this case, the 
change of the reflection light intensity RL2 of the 
article is quite large because the article is present 
in front of the article detection unit for every read- 
ing operation. 

In Figs. 5B and 5C, the period T1 of the 
sampling signal M1 is very large compared with 
the period T2 of the sampling signal M2. As ex- 
plained above, for example, the period T1 is set to 
5 sec, and the period T2 is set to 2 msec. In this 
case, the period T1 is used for sampling the light 
reflected from the background, and period T2 is 
used for sampling the light reflected from the arti- 
cle. 

In Figs. 5D and 5E, the data D1 denotes the 
sampling data stored in the register (R1) 4a based 
on the period T1, and the data D2 denotes the 
sampling data stored in the register (R2) 4a based 
on the period T2. 

In Fig. 5F, this chart shows the absolute value 
of the difference between the data D1 and the data 
D2. That is, the CPU subtracts the data D2 from 
the data D1, and obtains absolute value |D1 - D2|. 
Further, the absolute value |D1 - D2| is compared 
with the predetermined threshold value. 

Accordingly, in the present invention, since two 
different sampling periods T1 and T2 are used for 
detecting the background and the article and the 
absolute value |D1 - D2| is compared with the 
threshold values Vth1 and Vth2, it is possible to 
eliminate the influence of the light reflected from 
the background so that it is possible to perform 
precise detection of the article. Further, as shown 
in step ® . when the CPU judges that an article 
exists but does not move, since the CPU performs 
the processing for the base in which no article is 
present, it is possible to reduce the necessary time 
for detecting the article. 

The article detection unit according to the 
present invention can of course be applied to an- 
other type of system instead of a bar code reader. 

Figure 6A is a basic block diagram of the 
article detection unit according to a second em- 
bodiment of the present invention. This embodi- 
ment is advantageous for detection of an article in 
a case where the background moves. In Fig. 6A, 
reference number 1 1 denotes a difference calcula- 
tion unit, and 12 denotes a detection unit for de- 
tecting a change in amount of light. These units are 
provided in the article detection unit. Briefly, the 
difference calculation unit 11 substracts a lower 
limitation level LL from the background reflect d 
light RS and obtains a difference value D thereof. 
The detection unit 12 detects the change in the 


amount of light based on the difference light value 
D as explained in detail hereinafter. 

Figur 6B is a view for explaining the principle 
of the second mbodiment. In Fig. 6B, the ordinate 

s denotes the output level of the light reception ele- 
ment, and the abscissa denotes the distance from 
the article to the article detection unit. The line 0- 
P-Q (dotted line) denotes the relationship between 
the output and the distance. As is obvious from the 

10 drawing, the output level linearly reduces in propor- 
tion to the distance. In this case, the lower limita- 
tion level is defined by movement of the back- 
ground as explained below. 

When the output level (i.e., reflected light level) 

is is limited by the lower limitation level LL, the output 
light lower than the limitation level LL is not de- 
tected by the article detection unit. Accordingly, the 
light to be detected by the article detection unit 
can be expressed by the line 0 -P -Q (solid line). 

20 In other words, it is possible to consider that the 
distance from the article to the article detection unit 
is close to a distance L1 . Therefore, it is possible 
to eliminate a light reflected from the background 
which moves in the detection area. 

25 Figure 7 is a detailed block diagram of the 

second embodiment shown in Fig. 6A, and Figure 
8 is waveforms of each block shown in Fig. 7. 

In Fig. 7, reference number 2a denotes an 
optical-to-electrical (O/E) converter, and 13 a high- 

30 pass (H/P) filter. 17a denotes a maximum 
sample/hold (S/H) circuit, 17b a minimum 
sample/hold circuit, 18 and 20a differential amplifi- 
ers (DIF-AMP), 19 a sample/hold circuit, and 22a 
and 22b delay circuits. The registers 21a and 21b 

35 correspond to the registers 4a and 4b in Fig. 3, and 
the CPU 24 corresponds to the control unit 5 in 
Fig. 3. Further, reference number 25 denotes an 
adjusting circuit for the lower limitation level, and 
26 denotes an A/D converter. 

40 The signal A amplified by the AC amplifier 14 

is input to the maximum and minimum sample/hold 
circuits 17a and 17b. The signal A is shown by the 
solid line in Fig 8, and the signals B and C are 
shown by the dotted lines in Fig. 8. The maximum 

45 sampling/holding operation is performed in re- 
sponse to a sample/hold signal CTL1-DLY gen- 
erated from the delay circuit 22a, and the minimum 
sampling/holding operation is performed in re- 
sponse to a sample/hold signal CTL2-DLY gen- 

50 erated from the delay circuit 22b. Signals CTL1 
and CTL2 are the sample/hold signals before being 
delayed by the delay circuits. The signals CTL1 
and CTL2 are generated from the CPU 24. 

In this case, each pulse width of the CTL1-DLY 

55 and the CTL2-DLY is narrower than that of the 
CTL1 and CTL2. This is because it is necessary to 
use the flat portion of the signal A. That is, the 
signal CTL1-DLY synchronizes with the signal A, 


11 


EP 0 424 097 A1 


12 


and is used for sampling the maximum range (flat 
portion) of the reflection light of the signal A. Simi- 
larly, the signal CTL2-DLY synchronizes with the 
signal A, and is used for sampling th minimum 
range (flat portion) of the reflection light of the 
signal A. 

The differential amplifier 18 amplifies the dif- 
ference value between the signals B and C and 
obtains the signal D shown in Fig. 8. The 
sample/hold circuit 19 outputs the signal E in re- 
sponse to the sample/hold signal CTL3 from the 
CPU 24. The differential amplifier 20a calculates 
the difference between the signal E and the lower 
limitation level LL, and the difference value is con- 
verted to a digital signal by the A/D converter 20. 

The register 21 a stores the digital signal in 
response to the sampling signal CTL4 from the 
CPU, and the register 21^b stores the digital signal 
in response to the 'sampling sTgnal CTL5 from the 
CPU. The adjusting circuit 25 is constituted by a 
resistor r1 and a variable resistor r2, and is pro- 
vided for adjusting the lower limitation level by 
means of the variable resistor r2. 

The adjustment of the lower limitation level is 
explained in detail hereinafter. The lower limitation 
level LL is adjusted before the detection of the 
article is started (i.e., adjustment mode). The signal 
E is converted to the digital signal S1 by the A/D 
converter 23 and the digital signal S1 is input to 
the CPU as the adjustment mode. In the adjust- 
ment mode, the detection light DL is emitted in 
pulses from the light emission element 1 . Next, a 
reference reflection face (not shown) is provided 
instead of the article at the distance L1 (for exam- 
pie, L1 = 40 cm) from the article detection unit. 
The reference reflection face has a reference re- 
flection rate (for example, 30%). The detection light 
DL is reflected by the reference reflection face, and 
received by the light reception element 2. The 
received signal is transferred to the sample/hold 
circuit 19 through the units 13, 14, 17a, 17b, and 
18. 

The digital signal S1 from the A/D converter 23 
is displayed on a display apparatus (not shown). 
The lower limitation level LL is adjusted by the 
variable resistor n in reference to the display. 
Further, the lower limitation level LL is converted to 
a digital signal S2 by the A/D converter 26 and 
displayed on the display apparatus. Accordingly, 
the operator adjusts the variable resistor r1 (signal 
S2) so as to coincide with the digital signal S1 of 
the A/D converter 23. The adjusted lower limitation 
level LL indicates the reflected light level from the 
background. 

Figure 9 is a detailed block diagram of a third 
mbodiment of the present invention. The same 
reference numbers as used in Rg. 7 are attached 
to the same components in this drawing. This m- 


bodiment is provided as a countermeasure for am- 
bient light, for example, fluorescent light and sun- 
light existing in the article detection area. When 
this ambient light is strong, the light reflected from 
5 the article is disturbed so that it is not possible to 
precisely detect the article. 

In Rg. 9, AS1 to AS5 denote analog switches, 
and 27 denotes a reference voltage generation 
circuit. Further, Vrefl and Vref2 denote first and 
10 second reference voltages, and IV an inverter. The 
analog switch AS1 is provided for adjusting the 
gain of the amplifier (AMP) 2a by switching be- 
tween the resistor r1 and the resistor r2. This 
switching operation is performed by a selection 
75 signal CTL8 from the CPU 24 in response to the 
intensity of the ambient light The output of the 
amplifier 2a is input to the analog switch AS2 
shown by a symbol O . as well as to Rlter 13. The 
high-pass H/P filter 13 is provided for cutting the 
20 DC components or low frequency components con- 
tained in the ambient light. 

The analog switch AS2 is switched by a selec- 
tion signal CTL9 after being inverted by the inverter 
IV. The output of the amplifier 2a is input to the 
25 A/D converter 20 through the analog switch AS2. 
The analog switch AS3 is switched by the selection 
signal CTL9 and the signal E is input to the A/D 
converter 20 through the analog switch AS3. 

Figure 1 0 is a flowchart for explaining the pro- 
30 cessing of signals in the circuit shown in Rg. 9. 
This flowchart is the same as shown in Rg. 4 
except for the step®. Accordingly, an explanation 
is given of the step ® , and explanation of other 
steps is omitted. In step (2), the CPU resets the 
35 number of times C1 of the sampling signal M1 to 
"0 n . Next, the CPU performs the processing of the 
ambient light as explained in detail in Rg. 11, and 
performs the selection of the gain of the amplifier 
2a and the selection of the reference voltage of the 
40 A/D converter 20. Further, the digital signal from 
the A/D converter 20 is input to the first register 
21a in response to the sampling signal CTL4. 

Rgure 1 1 is a flowchart for explaining the pro- 
cessing of the ambient light shown in Fig. 10, and 
45 Rgure 12 is a timing of selection signals. The 
operation is explained in detail with reference to 
Rgs. 9, 11 and 12. 

(1) The CPU 24 turns off the selection signal 
CTL9 which is input to the analog switches AS2 
so and AS3. Accordingly, the analog switch AS3 is 
turned off, but the analog switch AS2 is turned 
on because the selection signal CTL9 is inverted 
by the inverter IV. Accordingly, the output of the 
amplifier 2a is input to the A/D converter 20. 
55 During this time, the detection light DL is not 
mitted from the light emission element 1. Ac- 
cordingly, the light r ception elem nt 2 receives 
only ambient light from the background. This 
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ambient light is input to the A/D converter 20 
through the analog switch AS2 (through the 
symbol 0). and converted to the digital signal 
S3 thereby. 

(2) Next, the CPU 24 turns on the selection 5 
signal CTL6, and turns off the selection signal 
CTL7. Based on the selection signals CTL6 and 
CTL7, the analog switch AS4 is turned on and 

the analog switch ASS is turned off. Accordingly, 
the reference voltage Vrefl having high voltage w 
is applied to the A/D converter 20. AT the same 
time, the CPU 24 turns off the selection signal 
CTL8 so as to turn off the analog switch AS1. 
Since the resistor r2 is cut off from a feedback 
loop of the amplifier the gain of the amplifier 2a 15 
is increased because only resistor r1 exists in 
the feedback loop. 

(3) In above situation, the CPU 24 reads the 
, sampling signal S3, which indicates the intensity 

of the ambient light, from the A/D converter 20. 20 
Further, the CPU compares the sampling signal 
S3 with a threshold value Vth3 of the ambient 
light. 

(4) When the sampling signal S3 exceeds the 
threshold value Vth3 ( n YES n ), it is possible to 25 
consider that the intensity of the ambient light is 
larger than the threshold value Vth3. Accord- 
ingly, the CPU 24 turns off the selection signal 
CTL6, and turns on the selection signal CTL7 as 
shown by dotted line in Fig. 12. Accordingly, the 30 
high reference voltage Vrefl is cut off by the 
analog switch AS4, and the low reference volt- 
age Vref2 is applied to the A/D converter 20 
through the analog switch ASS. Further, the CPU 

24 turns on the selection signal CTL8 as shown 35 
by dotted line in Fig. 12 so as to turn on the 
analog switch AS1. Since the resistors r1 and r2 
are connected in the feedback loop of the am- 
plifier, the gain of the amplifier is decreased by 
these resistors. 40 

(5) When the sampling signal S3 does not ex- 
ceed the threshold value Vth3 ("NO"), the state 
of the selection signals CTL6 to CTL9 is main- 
tained as shown by the solid lines in Fig. 12. 
That is, the amplifier 2a is set to a high gain 45 
state, and the reference voltage is set to the 
high reference voltage side. Further, the CPU 
turns on the selection signal CTL9 when the 
sampling signal S3 does not exceed the thresh- 
old value Vth3, or when the amplifier is set to so 
the low gain. When the selection signal CTL9 is 
turned on, the analog switch AS2 is turned off 

and the analog switch AS3 is turned on. Accord- 
ingly, the sample/hold circuit (S/H) 19 is con- 
nected to the A/D converter 20 through the 55 
analog switch AS3. 


Claims 

1. An article detection device comprising: 

light emission means (1) for emitting a detection 
light (DL) for irradiation onto an article; 
light reception means (2) for receiving a reflected 
light (RL) from the article; 

an analog-to-digital (A/D) converter (3) for convert- 
ing the reflected light (RL) to a digital signal (Sd); 
a first register (4a) for storing the digital signal (Sd) 
after being sampled using a first sampling signal 
(M1) having a first period (T1); 
a second register (4b) for storing the digital signal 
(Sd) after being sampled using a second sampling 
signal (M2) having a second period (T2) shorter 
than the first period (T1); and 
control means (5) for generating the first and sec- 
ond sampling signals (M1, M2) to be sent to the 
first and second registers (4a, 4b), reading the 
digital signal stored in the first and second regis- 
ters (4a, 4b), calculating a difference between the 
digital signals in the first, register (4a) and second 
register (4b), comparing an absolute value of the 
difference with a predetermined threshold value 
(Vth), and detecting an article when the absolute 
value is larger than the threshold value (Vth). 

2. An article detection device as claimed in claim 1 , 
further comprising: an alternating (AC) amplifier (9) 
connected to the light reception means (2) for 

amplifying xne renuuuun nyin \m-/, a oamHiwnw«u 

means (10) connected between the AC-amplifier (9) 
and the A/D converter (3) for sampling and holding 
an alternating signal amplified by the AC-amplifier 

(9) ; and modulation means (7) for generating a 
pulse modulation signal (Sm) to a drive unit (8) 
which pulse-drives the light emission means (1); 
wherein the control means (5) further generates 
control signals CTLa, CTLb, CTLc) to be sent to 
the modulation means (7), the sample/hold means 

(10) , and the A/D converter (3) to control operation 
of these means (3, 7, 10). 

3. An article detection device as claimed in claim 1 , 
wherein the control means (5) comprises a storage 
means for storing number of sampling times (C1, 
C2) for the first and second sampling signals (M1, 
M2), and storing the threshold value (Vth) com- 
prised of a first and second threshold values (Vth1, 
Vth2). 

4. An article detection device as claimed in claim 2, 
wherein the sample/hold means (10) comprises a 
maximum sample/hold circuit (17a) for sampling 
and holding a maximum value of the alternating 
signal, minimum sample/hold circuit (17b) for sam- 
pling and holding a minimum value of the alternat- 
ing signal, and a differential amplifier (18) for am- 
plifying a difference between outputs of the maxi- 
mum sample/hold circuit (17a) and the minimum 
sample/hold circuit (17b). 
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5. An articl detection devic as claimed in claim 4, 
wher in the sample/hold means (10) further com- 
prises a first delay means (22a) for delaying a first 
sampling signal (CTL1), and a second delay means 
(22b) for delaying a second sampling signal 
(CTL2), the first sampling signal (CTL1) being input 
to the maximum sample/hold circuit (17a), and the 
second sampling signal (CTL2) being input to the 
minimum sample/hold circuit (17b). 

6. An article detection device as claimed in claim 1 , 
further comprising: difference calculation means 
(11) having a differential amplifier (20a) for calculat- 
ing a difference between a background reflected 
light and a lower limitation level, the background 
reflected light being detected from the background 
of an article, and the lower limitation level being 
adjusted in accordance with the intensity of the 
background reflected light in ar\ adjusting mode; 
and detection means (12) for detectihg'a change in 
the amount of light based on a resultant data from 
the above calculation to eliminate the influence of 
the background reflected light. 

7. An article detection device as claimed in claim 6, 
wherein the intensity of the background reflection 
light is determined by a reference reflection face 
having a predetermined reflection rate. 

8. An article detection device as claimed in claim 6, 
wherein the detection means comprises a 
sample/hold circuit (19) for sampling and holding 
an output of the differential amplifier (18), an ad- 
justing circuit (25) for adjusting a lower limitation 
level (LL), a first A/D converter (20) for converting 
an output of the differential amplifier (20a) to a 
digital value, a second A/D converter (23) for con- 
verting the output of the sample/hold circuit (19) to 
a digital value, and a third A/D converter (26) for 
converting the output of the adjusting circuit (25) to 
a digital value. 

9. An article detection device as claimed in claim 1 , 
further comprising an adjusting means for adjusting 
the gain of an amplifier (2a) connected to the light 
reception element (2), and a reference voltage gen- 
eration means (27) for generating a first and sec- 
ond reference voltages (Vrefl, Vref2) to be sup- 
plied to the amplifier (2a), wherein the adjustment 
of the gain of the amplifier (2a) is performed in 
such a way that, when an ambient light does not 
exceed a predetermined threshold level, the first 
reference voltage (Vrefl) is selected and the gain 
is adjusted to a high level side, and when the 
ambient light exceeds a predetermined threshold 
level, the second reference voltage (Vref2) is se- 
lected and the gain is adjusted to a low level side. 

10. An article detection device as claimed in claim 
9, wherein the adjusting means comprises a plural- 
ity of analog switches (AS1 to AS5), a first analog 
switch (AS1) being used for switching the gain 
between the high level side and the low level side, 


analog switches (AS2, AS3) being used for switch- 
ing the detection light between the ambient light 
and the light reflected from an article, and analog 
switches (AS4, AS5) being used for switching the 

5 reference voltage between the first and the second 
reference voltages (Vrefl, Vref2), further, switching 
of these analog switches being performed by se- 
lection signals (CTL6 to CTL9) generated from the 
control means (24). 

ro 11. An article detection device as claimed in claim 
1, 3 or 10, wherein the control means (5, 24) 
comprises a microprocessor (CPU). 

12. A method for detecting an article comprising: 
emitting a detection light (DL) for irradiation onto an 

75 article; 

receiving a reflected light (RL) from the article; 
converting the reflection light (RL) to a digital signal 
(Sd); 

storing the digital signal (Sd) in a first register (4a) 
20 after being sampled using a first sampling signal 
(M1) generated by control means (5) and having a 
first period (T1); and 

storing the digital signal (Sd) in a second register 
(4b) after being sampled using a second sampling 
25 signal (M2) generated by the control means (5) and 
having a second period (T2) shorter than the first 
period (T1); 

In the control means (5): 

reading the digital signal stored in the first and 

30 second registers (4a, 4b); 

calculating a difference between the digital signals 
in the first register (4a) and second register (4b); 
comparing an absolute value of the difference with 
a predetermined threshold value (Vth); and 

35 detecting the article when the absolute value is 
larger than the threshold value (Vth). 

13. A method for detecting an article as claimed in 
claim 12, wherein the detecting step further com- 
prises the steps of: defining a first and second 

40 threshold values (Vth1, Vth2) included in the 
threshold value (Vth), detecting the article when the 
absolute value is larger than the first threshold 
value (Vth1), and not detecting the article when the 
absolute value is larger than the second threshold 

45 value (Vth2). 

14. A method for detecting an article as claimed in 
claim 13, wherein the detecting step further com- 
prises the steps of: checking whether or not the 
number of sampling times (C1) reaches a predeter- 

50 mined number of times (X1) when the absolute 
value is smaller than the first threshold value 
(Vth1), and returning to previous sampling steps. 

15. A m thod for detecting an article as claimed in 
claim 13, wherein the det cting step further com- 

55 prises the steps of: checking whether or not num- 
ber of sampling times (C2) reaches a predeter- 
mined number of times (X2) when the absolute 
value is larger than th second threshold value 


10 


17 EP 0 424 097 A1 18 


(Vth2), returning to pr vious sampling step of the 
second sampling signal (M2) when the number of 
times (C2) of sampling does not reach a predeter- 
mined number of times (X2), and not detecting the 
article when the absolute value is smaller than the 5 
second threshold value (Vth2) or when the number 
of sampling times (C2) reaches a predetermined 
number of times (X2). 

16. A method for detecting an article as claimed in 
claim 12, further comprising the steps of: setting a w 
first and second reference voltage (Vrefl, Vref2), 
detecting an ambient light before detecting the 
article; comparing the ambient light with a pre- 
determined threshold value; and adjusting the gain 

of an amplifier (2a) in accordance with the ambient 15 
light so as to switch between a first and second 
reference voitages. 

17. A method for detecting an article as claimed in 
claim .12, further comprising the step? of: calculat- 
ing a difference between a background reflected 20 
light and a lower limitation level in an adjusting 
mode; and detecting a change in amount of light 
based on a resultant data from the above calcula- 
tion to eliminate the influence of the background 
reflected light. 25 
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